Purpose: Intravitreal injections of anti-vascular endothelial growth factor (VEGF) agents including ranibizumab and aflibercept are used to treat patients with ocular disorders such as neovascular age-related macular degeneration (nAMD); however, the injections are associated with rare instances of severe ocular inflammation. This study compared severe ocular inflammation rates in patients treated with ranibizumab versus aflibercept. Methods: United States physician-level claims data covering an 18-month period for each therapy were analyzed. The primary analysis compared severe ocular inflammation event rates per 1000 injections. Sensitivity and subgroup analyses evaluated the impact of factors including intraocular surgery, intravitreal antibiotic administration, and previous intravitreal injections. Results: The analysis included 432,794 injection claims (ranibizumab n = 253,647, aflibercept n = 179,147); significantly, more unique severe ocular inflammation events occurred in patients receiving aflibercept than ranibizumab (1.06/1000 injections, 95% confidence interval [CI], 0.91-1.21, vs. 0.64/1000 injections, 95% CI 0.54-0.74; p < 0.0001). Comparable results were observed for analyses of patients who had undergone glaucoma or cataract surgeries, had antibiotic-associated endophthalmitis, had non-antibiotic-associated endophthalmitis, and were non-treatment-naive. In contrast, no significant differences in severe ocular inflammation claims were recorded in treatment-naive patients who had no record of anti-VEGF treatment in the 6 months preceding the index claim. No significant change occurred in the rate of severe ocular inflammation claims over time following ranibizumab treatment. Conclusions: Severe ocular inflammation was more frequent following intravitreal injection with aflibercept than with ranibizumab during routine clinical use in patients with nAMD. This highlights the importance of real-world, post-approval, observational monitoring of novel medicines, and may aid clinical decision-making, including choice of anti-VEGF agent.
Introduction
Neovascular (wet) age-related macular degeneration (nAMD) is the leading cause of irreversible blindness in people aged over 65 years in the developed world. 1 Anti-vascular endothelial growth factor (VEGF) therapies such as ranibizumab, aflibercept, and bevacizumab, which inhibit VEGF-A, have revolutionized the treatment of patients with nAMD and other retinal vascular conditions, [2] [3] [4] [5] and are now widely used in ophthalmic care. Since its approval (in 2006 and 2007 in the United States and Europe, respectively), 6, 7 ranibizumab has become the standard of care for the management of patients with nAMD in many countries. [8] [9] [10] The use of intravitreal anti-VEGF injection, a procedure mostly conducted by retinal specialists, has increased dramatically in recent years, 11 and blindness certifications and visual impairment resulting from nAMD have fallen by approximately half since the introduction of anti-VEGF agents. [12] [13] [14] [15] [16] [17] [18] [19] Aflibercept has also been approved for the intravitreal treatment of individuals with nAMD and has noninferior efficacy compared with ranibizumab. 20, 21 It is a recombinant fusion protein that, similar to ranibizumab, inhibits VEGF-A; unlike ranibizumab, it also inhibits VEGF-B and placental growth factor. 6, 20, 22 A further distinction between the two agents is that ranibizumab possesses an antigen-binding fragment with no crystallizable fragment (Fc) component, in contrast to the immunoglobulin G1 Fc present in aflibercept. The clinical significance of these differences is not fully established, but the role of the Fc domain in inflammatory reactions, including those involved in binding complement, suggests that there may be differences in the therapeutic profiles of the two agents. [23] [24] [25] Bevacizumab, an anti-VEGF agent indicated for the treatment of patients with metastatic carcinomas, is also used off-label for patients with nAMD. 26 It is a full-length anti-VEGF antibody derived from the same murine VEGF monoclonal antibody as ranibizumab, and retains the Fc component. Its efficacy in nAMD treatment is non-inferior to that of ranibizumab; however, there are potential systemic safety differences. 27 The eye contains immune-privileged sites with the potential for unique immune-related responses. Severe ocular inflammation, or endophthalmitis, can occur following ophthalmic surgery or intravitreal injection and can negatively impact on vision and ocular structures. [28] [29] [30] Interest in treatment-related ocular disorders is high owing to recent reports of endophthalmitis clusters following intravitreal aflibercept injections. 28, 31 Over 40 cases of endophthalmitis occurred following approximately 800,000 aflibercept injections administered in the US in the 18 months to June 2013. 31 Signals of blindness and conditions leading to impaired visual acuity associated with aflibercept were also reported in Europe late in 2013; 32 most cases were reported in association with known adverse reactions such as endophthalmitis and intraocular inflammation. Clusters of endophthalmitis have also been reported following intravitreal bevacizumab injections. Adverse events with bevacizumab have been linked to suspected contamination, possibly arising as a consequence of vial splitting and compounding. [33] [34] [35] Monitoring the frequency of severe ocular inflammation associated with intraocular procedures is critical. However, rates of post-intravitreal anti-VEGF injection endophthalmitis are very low, with an estimated 0.10-0.83 cases per 1000 injections. 29, 30, [36] [37] [38] [39] [40] [41] [42] [43] [44] Few studies have therefore been powered to analyze such rare events, and misclassification or clustering of events can cause confounding. Claims databases detail information relating to patient-physician interactions and generate substantial amounts of data on routine clinical treatment. They can therefore provide more data than clinical studies for analysis of rare events, and for detection of differences between drugs in routine clinical practice. 45 This in turn means that there is the potential for a more accurate assessment of the frequency of clinical events in real-world care than there is with adverse-event monitoring. The purpose of this study was to investigate the frequency of claims for the treatment of patients with severe ocular inflammation in routine clinical practice following therapy with ranibizumab or aflibercept using data from a US physicianlevel claims database. International Classification of Diseases 9th Revision Clinical Modification (ICD-9-CM) diagnosis codes for endophthalmitis were used as a proxy for the identification of cases of severe ocular inflammation (see Supplemental Table S1 -online only). The Healthcare Common Procedure Coding System (HCPCS) codes for the identification of intravitreal antibiotic treatment and anti-VEGF injections are provided in Supplemental  Tables S2 and S3 (online only), respectively. We considered all claims for injections of ranibizumab and aflibercept from 1 November 2011 to 31 August 2013 with a concomitant ICD-9-CM diagnosis code for nAMD (ICD-9-CM 362.52). The index date of each injection was defined as the date of the injection claim. To ensure stability of the data-reporting source (i.e. the practitioner or hospital) and accurate capture of clinical use and outcomes data, participating physicians were required to have submitted medical claims consistently to the IDW during the month of injection. Data relating to injections were excluded if: an additional anti-VEGF treatment (ranibizumab, aflibercept, bevacizumab, or pegaptanib) was given on the same date; the injection record was not followed by further claims in the IDW; the patient was aged younger than 18 years; or the index eye and/or sex was not specified on the claim. Each injection identified was followed up for 30 days, until another anti-VEGF injection was given or a claim for endophthalmitis was recorded, or until the study period ended (i.e. 30 September 2013, 30 days after the end of the recruitment period). Owing to the injection-level nature of the analysis, an individual patient could be represented in both treatment groups if they switched treatments.
Materials and methods
A severe ocular inflammation event was defined as the presence of any claim for the management of endophthalmitis during the 30-day follow-up period. The time (days) from injection to occurrence of the event was recorded for each event. For all analyses, crude event rates (CERs) per 1000 injections were calculated, and a generalized linear model with a Poisson distribution was used to derive unadjusted relative risks (RRs) and 95% confidence intervals (CIs). Repeatedmeasures models, including generalized estimating equations, provide a more robust analysis than unadjusted calculations in circumstances such as these, in which multiple injections were administered per patient. An adjusted RR was therefore also estimated for all analyses, using a generalized estimating equation model with a Poisson distribution and a compound symmetry variance-covariance structure. Adjustments were made for both injection-level (left/right injection eye, number of prior injections, and occurrence of events with prior injections) and patient-level characteristics (age, sex, health plan type and geographical location). Given the rarity of the events, patients were expected to experience at most one endophthalmitis event; therefore, the primary analysis censored events and injections after the first claim of endophthalmitis per patient. An additional analysis including all claims per patient was also performed. In all cases, χ 2 tests were used to evaluate between-group differences.
To test robustness of the results, several sensitivity and subgroup analyses were conducted for both ranibizumab and aflibercept injection cohorts. Endophthalmitis can occur following cataract or glaucoma surgery; [46] [47] [48] therefore, a sensitivity analysis censoring intravitreal injections and severe ocular inflammation events occurring in the 90 days following cataract surgery or any time following glaucoma drainage/filtering surgery (as indicated by HCPCS codes) was performed to adjust for potential endophthalmitis claims that may have been due to intraocular surgery rather than to anti-VEGF treatment. Intravitreal antibiotics are usually used to treat endophthalmitis cases that are suspected to be associated with infection. 49 A subgroup analysis was performed to assess whether or not severe ocular inflammation events were followed by intravitreal antibiotic administration within 7 days (as indicated by HCPCS codes; see Table S2 for the codes used to identify intravitreal antibiotic use). To investigate the possible influence of previous treatment, subgroup analyses were performed in treatment-naive patients (i.e. those who had no record of anti-VEGF treatment in the 6 months preceding the index claim) and non-treatment-naive patients (i.e. those who had received anti-VEGF therapy in the 6 months preceding the index claim, as indicated by HCPCS codes for anti-VEGF treatments).
Results
A total of 479,123 intravitreal anti-VEGF injection claims were identified and assessed for inclusion ( Figure 1 ). After applying exclusion/inclusion criteria, 432,794 injection claims (ranibizumab n = 253,647; aflibercept n = 179,147) were included in the analysis; the proportions of identified injections retained for analysis were similar for ranibizumab (91.4%) and aflibercept (88.9%). These injections were administered to 81,046 patients (54,551 ranibizumab and 39,389 aflibercept; individuals could be represented in both groups if they switched treatments). Patient characteristics were similar in the ranibizumab and aflibercept treatment groups ( Table 1) . The majority of patients (88.5%) included in the study received more than one injection, with a median of four injections per patient. Most severe ocular inflammations (85.4%) occurred in the 5 days following anti-VEGF injection (ranibizumab 83.1%; aflibercept 87.7%), and the median time from injection to a severe ocular inflammation event was similar for both ranibizumab and aflibercept (1.0 day for both).
The primary analysis included 162 unique events in patients receiving ranibizumab injections and 189 in those receiving aflibercept. There were significantly more severe ocular inflammation events (p < 0.0001) following treatment with aflibercept than with ranibizumab (1.06 events per 1000 injections, 95% CI 0.91-1.21, vs. 0.64 events per 1000 injections, 95% CI 0.54-0.74; adjusted RR 1.65, 95% CI 1.34-2.04; Figure 2a and 2b) .
Comparable results to those from the primary analysis were seen for subgroup/sensitivity analyses of patients who had undergone glaucoma or cataract surgeries (adjusted RR 1.75, 95% CI 1.31-2. A further sensitivity analysis investigated the frequency of severe ocular inflammation over time (Table 2 ). There was no significant change in the rate of claims over time for severe ocular inflammation following ranibizumab treatment.
Discussion
This was the first study to directly compare the incidence of severe ocular inflammation following ranibizumab and aflibercept treatment in routine clinical practice in the US, which is highly relevant in light of recent reports of endophthalmitis associated with aflibercept. 31, 32 The primary finding of this retrospective, claims-based, injection-level database study indicated that the risk of severe ocular inflammation following treatment with ranibizumab or aflibercept was low (0.64 events per 1000 injections and 1.06 events per 1000 injections, respectively); however, the reported rates of severe ocular inflammation were significantly higher with aflibercept than with ranibizumab. In addition, despite differences in methodology, the rates reported in this study were similar to previously reported endophthalmitis rates, which were in the range 0.10-0.83 events per 1000 injections. 29, 30, [36] [37] [38] [39] [40] [41] [42] [43] [44] All additional sensitivity analyses and subgroup analyses undertaken were consistent with the primary result showing a significantly higher frequency of severe ocular inflammation claims after aflibercept injections than following ranibizumab injections, with the exception of the analysis of patients who were naive to anti-VEGF treatment in the 6 months preceding the index claim. Approximately 85% of claims were recorded in the 5 days following injection, confirming the acute nature of the condition. Approximately 10% of severe ocular inflammation claims were for patients who were naive to anti-VEGF treatment in the 6 months preceding the index claim, and approximately 25% of all claims were accompanied by claims for intravitreal antibiotics. 45 Although the study shows that significantly fewer ocular events occur with ranibizumab than with aflibercept, the reasons for the differences between treatments could not be discerned. Pro-inflammatory interaction of the Fc component with intraretinal Fc receptors is a plausible pathophysiological pathway whereby aflibercept could mediate inflammation. In primate studies of intravitreal aflibercept and ranibizumab injections, 50 aflibercept was primarily taken up by the neuronal and retinal pigment epithelial cells, unlike the smaller ranibizumab molecule which permeated the retina through intercellular spaces. The putative contribution of the Fc component of aflibercept to intraretinal pro-inflammatory degeneration has been supported by recent observations of increased expression of Fc receptors in the retinas of donor eyes from patients with nAMD relative to healthy controls. 51 Although the risk of severe ocular inflammation following intravitreal anti-VEGF injection is low, the severity of this clinical event, combined with the requirement for repeated injections for patients with nAMD, makes the cumulative risk of severe ocular inflammation a key concern. 52 Thus, it is clinically relevant if small differences in the risk of severe ocular inflammation are apparent following anti-VEGF therapies of comparable efficacy.
Currently, the only proven preventive measure for postoperative infection is the application of topical povidone-iodine; evidence of the efficacy of topical antibiotics is inconclusive. [53] [54] [55] The use of face masks and/or prohibition of talking during the procedure may reduce the likelihood of developing severe ocular inflammation after intravitreal injection by reducing levels of airborne pathogens likely to come into contact with patients' eyes. 56 A recent preliminary report found that fewer cases of culture-positive endophthalmitis were identified in a group of patients who received intravitreal anti-VEGFs under no-talking versus talking conditions. 57 Other factors such as eyelid hygiene and equipment and drug storage conditions could also play a role. Whether differences in these approaches or risk factors can explain differences in observed event rates between ranibizumab and aflibercept is beyond the scope of our study, and worthy of future assessment.
The present study has a number of strengths. It is the first study to directly compare the risk of severe ocular inflammation following intravitreal treatment with aflibercept and with ranibizumab in the real world. Second, it is the largest comparative study of severe ocular inflammation rates following anti-VEGF injections to date. Although a previous large US-based case series assessed endophthalmitis rates following approximately 60,000 injections of ranibizumab or bevacizumab, 42 the current study involved over 400,000 injections in more than 80,000 patients; the very large sample size ensures that the study is sufficiently powered to detect differences between alternative treatments. This study used the IDW claims database, which is particularly appropriate because it includes longitudinal claims data from a representative population of patients receiving treatment for nAMD across the US. Furthermore, claims data for IDW are submitted by the consulting/attending physician in response to observed clinical manifestations; because such data are necessary for physician compensation, under- reporting, differential reporting between drugs, and misclassification are reduced compared with chart reviews and case reports. This contrasts with analyses of adverse events, which could be confounded by under-reporting or the tendency to report an event known to be related to a specific drug, especially when dealing with rare events. The sensitivity analyses employed indicate that the primary findings are robust. Last, although the rates of severe ocular inflammation reported in retrospective claims analyses do not necessarily agree with those reported in randomized clinical trials, in which patients are followed up under more stringent protocols, the real-world nature of studies such as this provide valuable information about what occurs in clinical practice. There are some limitations to this study, primarily relating to known issues with observational studies. 58 The claims themselves are based on physician diagnosis codes, which have an inherent risk of misclassification. The sensitivity and subgroup analyses completed in this study aimed to mitigate these confounding factors; furthermore, any misclassifications would apply equally to both treatment groups and therefore should not affect the RRs. A further potential limitation of this study was that during the time period investigated there was limited experience with aflibercept among US ophthalmologists (owing to its recent launch). This could potentially have resulted in a lower threshold for suspecting severe ocular inflammation with aflibercept than with ranibizumab. It would therefore be of interest to perform a 5-year follow-up analysis on the data to eliminate the possibility of sampling bias resulting from the possible sub-normal threshold for endophthalmitis diagnosis. Several previous studies also focused on presumed infectious endophthalmitis cases, [38] [39] [40] [41] 44 whereas this study reports claims for severe ocular inflammation patient care for any reason, and thus did not differentiate sterile from infectious intraocular inflammation, because this information is not available from claims data. In addition, 25% of cases were accompanied by claims for intravitreal antibiotics; a further limitation of the claims data is that they do not specify the type of endophthalmitis, nor do they state whether a bacterial culture test was performed. Importantly, it is not clear whether the claims are for culture-positive events or not. Approximately 75% of cases were not associated with intravitreal antibiotic claims, which suggests that the majority of cases were sterile events. Last, the fact that the interventions were not randomly assigned could potentially have an impact on the results.
In conclusion, intravitreal aflibercept injections are associated with a higher risk of severe ocular inflammation than intravitreal ranibizumab injections during routine clinical use for the management of patients with nAMD. The findings show the importance of real-world, post-market approval, observational monitoring of novel medicines, and may be useful for clinical decision-making, including the decision regarding choice of anti-VEGF agent. Reasons for the treatment differences are beyond the scope of this analysis; however, further research into the physiological mechanisms of anti-VEGF therapies and study of the RRs of other ocular events during therapy with ranibizumab or aflibercept is warranted to improve understanding of clinically important differences between these therapies. It would also be of value to perform a similar analysis of claims data for other widely used anti-VEGF intravitreal injections, such as bevacizumab. As with aflibercept, bevacizumab contains a Fc fragment, and so would provide a further test of the hypothesis that the inflammatory response is mediated by Fc fragment interaction with retinal Fc receptors. Finally, data are specific to US clinical practice, and confirmation from practice in other countries will be needed.
